To determine the factors that predict in-hospital mortality among patients who require hospitalization for the treatment of community-acquired pneumonia (CAP). Study design: Prospective observational study of all patients who were admitted to six hospitals in Edmonton, AL, Canada, with a diagnosis of CAP from November 15, 2000, to November 14, 2002. Pneumonia was defined as two or more respiratory symptoms and signs and an opacity on a chest radiograph as interpreted by the attending physician. Results: A total of 3,043 patients were enrolled in the study, 246 of whom died (8.1%). On multivariate analysis, increasing pneumonia severity score, increasing age, site of care, consultation with a respirologist or infectious diseases physician, and functional status at the time of admission were all independently predictive of mortality. Increasing pneumonia severity risk score, increasing age, site of hospitalization, functional status, and consultation with an infectious diseases physician or a respirologist were independently associated with both early (< 5 days) and late (> 5 days) mortality. In contrast, partial or complete use of the pneumonia pathway was associated with decreased early mortality, but had no effect on late mortality. A low lymphocyte count and a high serum potassium level were associated with early but not with late mortality. The type of antibiotic therapy had an effect on late but not on early mortality. Conclusions: Functional status at the time of hospital admission is a powerful predictor of mortality and should be incorporated into any scores or models that are used to predict mortality. While there are some common predictors of early and late in-hospital mortality, early mortality is not affected by the timing or type of antibiotic therapy, whereas late mortality is influenced by the type of antibiotic therapy. Hyperkalemia and lymphopenia are associated with early mortality.
Factors Influencing In-hospital Mortality in Community-Acquired Pneumonia* imately 30% require admission to hospital. 2 The mean age of 43,642 patients hospitalized for treatment of CAP over a 5-year period in Alberta was 65.8 Ϯ 19.7 years (Ϯ SD), and the median age was 71 years. 3 The in-hospital mortality rate for patients with CAP is considerable and varies with the population studied. However, in administrative database studies, where large populations are available, the mortality rate ranges from 9.7 to 11%. 3, 4 In the past few years, attention has been paid to processes of care and the impact of these on the outcome of pneumonia. Critical pathways are disease-specific management strategies that define the essential steps of a complex care process. 5 Such pathways were introduced to try to reduce variations in care. We introduced a pneumonia pathway at all six hospitals that provide care for adults in the greater Edmonton area. The objective of this study was to determine the factors that influence inhospital mortality for patients with CAP and whether adherence to the pathway had an effect on mortality.
Materials and Methods

Study Sites
This study involved all six hospitals in the Edmonton area (adult population of 666,505) 6 : two tertiary care hospitals, two hospitals that provided secondary and some tertiary care, and two community hospitals. This study was approved by the Research Ethics Committee at the University of Alberta.
Development of Pneumonia Pathway
A multidisciplinary team developed a comprehensive pathway for the management of CAP. 7 The pathway consisted of an admission guideline, 8 preprinted orders covering routine aspects of care, an algorithm for administration and discontinuation of supplemental oxygen, and antimicrobial therapy (levofloxacin orally or cefuroxime plus azithromycin IV were the options provided), but other options were not prohibited. Reminders to medical staff regarding assessment of vaccination status for pneumococcal and influenza vaccines were provided, and a recommendation for administration of these vaccines, if indicated, was included in the order sheet. In addition, counseling and literature regarding cessation of smoking were made available to those who were tobacco smokers. A three-part discharge algorithm was part of the pathway. Once the patients had achieved physiologic stability, 9 as defined by an oral temperature of Յ 37.5 C for 24 h, a respiratory rate of Յ 24 breaths/min for 24 h, an oxygen saturation of Ն 90% while breathing room air or a return to baseline saturation levels, and ability to eat and drink enough to maintain hydration, functional (get-up-and-go test 10 and an assessment of activities of daily living if the patient failed the get-up-and-go test) and mini-mental status assessments were carried out. 7, 10, 11 In the get-up-and-go test, the patient is asked to arise from a sitting position and walk 3 m. If this can be done in Յ 20 s, the patient has passed the test. A score Ͼ 25/30 on the mini-mental status examination was considered a passing grade. If these test results were satisfactory and comorbid illnesses were stable, the patient was deemed ready for discharge. In general, functional status and mental status assessments were performed only on those patients who were Ն 65 years of age. Functional status premorbid admission was categorized as walking, walking with assistance, and walking with a prosthesis; wheel chair or bed-bound status was also recorded.
Pneumonia Definition
Two or more symptoms or signs of CAP (cough [productive or nonproductive], pleuritic chest pain, shortness of breath, temperature Ͼ 38°C, and crackles, or bronchial breathing on auscultation) plus radiographic evidence of pneumonia as interpreted by the emergency department physician or internal medicine consultant. Patients were excluded from the pathway if they required admission to intensive care from the emergency department, were believed to have aspiration pneumonitis (defined as pulmonary opacities in the presence of recent loss of consciousness, vomiting or observation of respiratory distress within 30 min of feeding), tuberculosis, and cystic fibrosis. Pregnant and nursing mothers and immunosuppressed patients (Ͼ 10 mg/d prednisone for Ͼ 1 month or other immunosuppressive drugs) were also excluded. Those with HIV infection were excluded if the CD 4 count was Ͻ 250/L. During the second year of the study, patients with aspiration pneumonia were included.
Data Collection and Definitions
Adherence to the pathway was classified as complete or partial. If all elements of the pathway were followed, adherence was complete; adherence was incomplete if one or more elements were not followed. The 1996 Canadian census data were used to provide the median household income for each neighborhood area (forward sortation area [FSA]) corresponding to the first three digits of the postal code from the hospitalization records. 12 Two hundred forty-eight unique FSAs were identified in our data, 96.9% of which were within the province of Alberta. The categories of median household income were used as a marker for the socioeconomic status (SES) of the patients. Since some patients had multiple hospitalizations, the analyses were limited to the first hospitalization within the 30-day period. Due to the small number of events, the patients with the prosthesis functional status (n ϭ 11) and no antibiotics administered (n ϭ 46) were also excluded from the analyses. The site identification of each hospital was masked (A-F) to protect the identities of the participating institutions.
Statistical Analysis
The analyses were performed on software (SAS version 8.2; SAS Institute; Cary, NC). Complete case analyses were used throughout. Independent variables with high percentages of missing values were not evaluated in the analysis. Descriptive statistics such as means and proportions were presented, and the differences were tested using F-test or 2 test. Univariate analysis was used to exclude predictors that lacked marginal relationship with the all-cause mortality. The predictors with p values Ͻ 0.25 in the univariate logistic regression analysis were retained in the multivariate logistic regression model. The risk of death was evaluated using multivariate logistic regression and all factors were evaluated simultaneously, while adjusting for other factors in the model. The predictors selected in the final model were based on both numerical and clinical significance. Odds ratios (ORs) and nominal 95% confidence intervals (CIs) were presented. Both c-statistic and the Hosmer and Lemeshow lack of fit test were used to evaluate the adequacy of the logistic regression models. Hierarchical logistic regression models with predictors added one at a time were also examined to evaluate the possible collinearity among the predictors. No significant collinearity among the factors was observed. Since the comorbidity and medical history of the patients were accounted for during the calculation of the pneumonia severity index, no further adjustment was made. Cox proportional hazard models, which accounted for time from admission to mortality, were also developed. The results from the proportional hazard model were similar to the ones from the multivariate logistic regression model, so they are not presented. A two-sided p value Ͻ 0.05 was considered significant for all analyses.
Since adherence to the pneumonia pathway varied among the sites of care, which may have resulted in the imbalances between the covariates, we used the logistic regression model to estimate the propensity of CAP pathway use during hospitalization. The propensity score method 13, 14 was chosen because of the following: (1) the CAP pathway was not a randomized intervention, and (2) many factors, as well as their interactions, affected the use of the pathway. The factors selected for the calculation of the propensity score included site, age, nursing home residence, residence with home care, gender, substance abuse, study year, season at the time of presentation, and median household income. The above variables and their interactions (up to five ways) were evaluated for their associations with CAP pathway used. Site, residence with home care, and their interaction were selected to calculate the estimated propensity score for the pathway use. The estimated propensity score of the CAP pathway was incorporated into the analysis of mortality as a covariate in the model. In addition to the estimated propensity score for the use of CAP pathway, the interaction between site and CAP pathway was also evaluated in the multivariate logistic regression model of mortality. The results from the model with the estimated propensity score (not shown), the model with site by pathway interaction (not shown), and the model with main effects only were very similar; hence, we chose to present the results from main effects only.
Results
During the 2 years of the study (November 15, 2000 , to November 14, 2002 , there were 3,043 patients with pneumonia (who met criteria for the pathway) admitted to the six Edmonton hospitals ( Table 1 ). In addition, the following patients with a diagnosis of pneumonia were excluded from the study: 704 patients who required admission to an ICU from the emergency department; 352 patients with aspiration pneumonia (first year of the study only-these patients were included in the second year once the pneumonia pathway team had decided on antibiotic therapy for this subset of patients); physician choice (n ϭ 136); palliative care (n ϭ 113); pregnancy (n ϭ 36); immunosuppressed (n ϭ 88); cystic fibrosis (n ϭ 22); WBC count Ͻ 1,000 (n ϭ 19); tuberculosis (n ϭ 11); nosocomial pneumonia (n ϭ 59), bronchiectasis (n ϭ 58); pulmonary fibrosis (n ϭ 78); bronchiolitis obliterans with organizing pneumonia (n ϭ 9); talc lung (n ϭ 2); collagen vascular disease (n ϭ 3); sepsis with no pneumonia (n ϭ 7); exacerbation of COPD (n ϭ 15); diagnosis changed from pneumonia to another diagnosis by attending physician with 48 h of admission (n ϭ 80); HIV infection with CD4 count Ͻ 250 (n ϭ 42); and unknown reasons (n ϭ 121).
The admission rate to ICU from the emergency department varied from 0 (this community hospital did not have an ICU, and patients requiring ICU were transferred to one of the other hospitals) to 16%. The rates of admission at the tertiary care hospitals were 11.6% and 16.7%, respectively, and for the secondary care hospitals were 7.8% and 10.2%; for the two community hospitals, rates of admission were 0 and 5.2%, respectively. Admission to an ICU from the ward was uncommon, occurring in only 10 patients, 4 of whom died.
The mean age of the included patients was 69.6 Ϯ 17.7 years; 52.5% were male patients, 47.5% were female patients, and 246 patients (8.1%) died.
The site-specific mortality rate ranged from 6 to 13.3%. Table 1 also shows that there were site differences in the mean age, mean pneumonia severity of illness score, mean time from presentation until the first dose of antibiotic, mean length of stay, and median household income. Thirty-one percent were admitted from a nursing home or from a residence where they required some care. Only 60.2% were fully ambulatory; 7.2% required a wheelchair, and 3.4% were bed bound. Three hundred seventy-six patients (12%) had a limitation of care order. One hundred sixty-six patients (5.4%) were taken off the pathway because of increasing severity of the pneumonia; 113 of these were transferred to ICU. Since all of these patients were eligible for the study at the time of hospital admission, they are included in the analysis.
One thousand fifty-one patients had the get-upand-go test done, and 441 patients (41.9%) failed. Six hundred seventy-six patients had the mini-mental status examination done, and 311 patients (46%) failed. Table 2 compares selected features of those who survived pneumonia vs those who died. There are a number of instructive observations. Not unexpectedly, there were major differences in mean age, mean pneumonia severity risk score, and mean length of stay between the two groups. Also, the effect of functional status at the time of admission on subsequent mortality was striking. Thus, 4.0%, 11.6%, 20.1%, and 25.2% of those who were walking, walking with assistance, wheelchair, and bedridden, respectively, died. The mean ages for patients in each of these groups were 63.8, 80.0, 73.3, and 74.4 years, respectively. The mean pneumonia severity risk scores for patients in the four functional status categories were 90.6, 117.3, 113.7, and 117.6, respectively. Ten of the 610 patients (1.6%) who passed the get-up-and-go test died, compared with 62 of the 441 patients (14.0%) who failed this test. The group that passed this test was younger (77.3 years vs 81.6 years), had a lower mean risk score (102.2 vs 121.8), and a lower percentage of patients in risk classes IV and V (73% vs 86%). There were major differences in mortality according to the site of hospitalization, with mortality rates ranging from 5.9 to 13.3%. As shown in the multivariate analysis, site of care remained a significant predictor for mortality after simultaneously adjusting for other factors.
The type of antibiotic therapy seemed to influence the mortality rate. The mortality rate for the 1,672 patients who were treated with levofloxacin only was 5.3%, while 5.4% of the 166 patients treated with cefuroxime plus azithromycin died. The mortality rate among the 1,205 patients who received any other antibiotic or antibiotic combination was 12.2%. It is noteworthy that the time from presentation to the emergency department until the first dose of antibiotic did not influence mortality. In addition to the data provided in Table 1 , the mortality rates for the 1,235, 1,078, and 924 patients who received antibiotics within 0 to 4, 4 to 8, and Ͼ 8 h after presentation to the emergency department were 9.2%, 8.6%, and 8.7%, respectively. When we removed the patients who received antibiotics prior to presentation to the emergency department from the above data, the numbers of patients were 1,028, 876, and 712, for 0 to 4 h, 4 to 8 h, and Ͼ 8 h, respectively; and the corresponding mortality rates were 8.3%, 7.9%, and 8.4%. One thousand nine hundred seventy-three patients (64.8%) received a single antibiotic for the treatment of their pneumonia. Most of these, 1,838 patients (93%) received levofloxacin only. One hundred eighty-eight patients (6.2%) received cefuroxime and azithromycin only. An additional 628 patients received two antibiotics, 406 patients received three, 121 patients received four, and 77 patients received five or more antibiotics. In most instances, the multiple antibiotics represented sequential therapy.
Five factors were significantly associated with mortality in the multivariate analysis (Table 3) : pneumonia severity of illness score, increasing age, site of care, consultation by a respirologist or an infectious diseases physician, and functional status at the time of admission (using a wheelchair or being bedridden at the time of hospital admission was associated with increased mortality). A fifth factor-treatment with levofloxacin only-was protective for mortality. In addition, compliance with the pathway was margin-ally associated with a reduction in mortality, although the significance was not as strong as the other factors identified above. Table 4 compares those who died early, within 5 days of hospital admission, to those who died late, Ն 5 days after admission. Table 5 shows the factors that were associated with early and late mortality by multivariate analysis. Increasing pneumonia severity risk score, increasing age, site of hospitalization, functional status, and consultation with an infectious diseases physician or a respirologist were independently associated with both early and late mortality. In contrast, partial or complete use of the pneumonia pathway were marginally associated with decreased early mortality, but had no effect on late mortality. A low lymphocyte count and a high potassium level were associated with early, but not with late mortality. The type of antibiotic therapy had an effect on late but not on early mortality. Treatment with levofloxacin alone or with cefuroxime plus azithromycin was associated with decreased mortality compared with treatment with other antibiotics. Only one of the patients with a potassium level Ͼ 5 mmol/L had chronic renal failure and was receiving dialysis; however, 14 others had creatinine levels Ͼ 500 mmol/L indicating acute renal failure.
Discussion
It is evident that there are many factors that contribute to mortality among patients who require hospitalization for treatment of CAP. These can be grouped as patient factors, processes of care factors, physician factors, and other factors. Fine and co- workers 8 derived a pneumonia severity of illness score based on 20 items that included demographic factors, comorbidity, physical examination findings, and laboratory and radiographic data. Scores ranged from 0 (no points are given for patients Յ 50 years of age without comorbidity and no physiologic abnormalities) to 250, with higher scores indicating more severe pneumonia. In the original study, patients were grouped into five risk classes for mortality; classes I to III (Յ 90 points) are at low risk for death, while the mortality rate in class IV was 9%, and 27% in class V. Since the mortality for patients in the risk classes I and II in our study was very low and insufficient for estimation, the pneumonia severity was analyzed as a continuous score. Even though age is the major driver in the Fine risk score (one point is given for each year of age for male subjects and 10 points are subtracted from the total age points for female subjects), we found that increasing age still contributed to the risk of mortality over and above that which was accounted for in the severity score. Thus, we carried out additional adjustment for age in the final logistic regression model due to the residual confounding. An additional independent association between age and mortality was observed in both multivariate logistic regression and Cox proportional hazard models. The pneumonia severity score does not consider other factors that might be important in mortality, namely functional status, site of care, and processes of care. Ethnicity is also an important factor influencing mortality due to pneumonia. Haas et al 15 found that Hispanics and Asian Americans had a lower risk of death from CAP than whites in California. In one study, African-American men admitted to Veterans Affairs hospitals in the United States had lower risk-adjusted mortality for a variety of conditions, including pneumonia. 16 Most of the population of Alberta is white. One hundred thirteen of our patients (3.7%) were Aboriginal Canadians. In an administrative database study of all persons admitted to hospital with pneumonia in Alberta over a 5-year period, patients of Aboriginal treaty status constituted 7% of the 43,642 comprising the study population. 17 In that study, Aboriginal status was not associated with increased mortality. In the current study, the mortality rate among those of Aboriginal descent was very low at 0.8%. However, these patients were considerably younger than the remainder of the pneumonia population and were more likely to be in risk classes I to III. A major finding in this study was the contribution of functional status at the time of hospital admission as an independent predictor of mortality. Thus, patients who were in wheelchair or bedridden were 1.4 times and 4 times, respectively, more likely to die compared to patients who walked without problems. Two hundred nineteen persons (7.1%) were using wheelchairs, and 103 persons (3.3%) were bedridden. In a case-control study of 101 patients Ն 65 years of age with pneumonia, Riquelme et al 18 reported a crude mortality rate of 26%. Bedridden state had a relative risk of 10.75 for mortality. 19 In a study of patients with COPD, Oga et al 20 noted that exercise capacity and health status were significantly predictive of mortality independent of age or airflow limitation. Davis and co-workers 21 studied persons admitted to a tertiary teaching hospital between 1987 and 1992 for cerebrovascular disease or pneumonia. They found that functional status had as much predictive value for in-hospital mortality as laboratory data. Indeed, the requirement for total assistance with bathing was the best single predictor of in-hospital mortality.
In a unique study, Salive et al 19 followed up 6,234 men and 3,035 women Ն 65 years of age for up to 6 years. Two hundred forty-three men and 160 women died from pneumonia. Limitations in activities of daily living and cognitive impairment were independently associated with a significantly increased risk of pneumonia mortality.
Treatment with levofloxacin only was associated with a major reduction in mortality. Since this was not a randomized clinical trial, it is difficult to conclude that this effect was solely due to the antibiotic. The pathway encouraged levofloxacin use, and the fact that patients treated with levofloxacin only had low mortality could also indicate that physicians seldom change therapy in patients who are responding to treatment; indeed, this is confounding by indication. It also indicates that protocolized care with antibiotics consistent with guidelines 7 leads to lower mortality. Furthermore this observation does not demonstrate the superiority of a quinolone over a cephalosporin/macrolide combination. It is noteworthy, however, that we did not find that administration of antibiotic therapy Ͼ 8 h after presentation to the emergency department was associated with increased mortality, as has been described by others. 22, 23 Recently, Silber et al 24 were also unable to show an association between time from arrival at the emergency department to antibiotic therapy, and time to achievement of stability or mortality in patients with CAP. In an illness that typically begins days before the patient presents to the hospital, it seems unusual that a delay of administration of antibiotic therapy of a few hours would be associated with an increased mortality rate. In the absence of data from randomized controlled trials, it is difficult to be sure that this is a real finding, even though as a standard of care timely administration of antibiotic therapy is appropriate. It is important to note that our study and that of Silber et al 24 differed from the two studies 22,23 that found an increased mortality rate if time from arrival to the emergency department to the first dose of antibiotics was prolonged, in that both of these studies dealt with Medicare patients who by definition were all Ͼ 65 years of age. It is also noteworthy that Houck et al 23 could not demonstrate such an effect for those who had received antibiotic therapy prior to presentation. Treatment at hospital C was an independent risk factor for increased mortality in the overall, early, and late mortality models after the adjustment of other factors. Hospital factors such as teaching status, type of ownership, and location have been associated with differences in mortality for a variety of conditions. 25, 26 Understaffing of hospitals with nurses has also been associated with increased mortality. 27 In our study, the hospital with a higher mortality rate is one of the three hospitals in Edmonton that does not have medicine house staff. In conjunction with the other hospitals, it is part of a regional health authority under one administration. We did not monitor nurse-staffing patterns as part of our study. Greater physician experience with pneumonia, as indicated by the number of patients treated in hospital with this illness per year, is reflected in a lower mortality rate. 17 Thus, there are at least two factors that may have been different at the hospital with the higher mortality. At the end of the first year of the study, when we noted the higher mortality rate at hospital C, we reviewed all the deaths from pneumonia and noted only one preventable death.
Requirement for consultation by an infectious diseases physician or a respirologist was associated with an increased mortality rate. Consultation was likely because of deterioration or a specific complication, thus indicating a complicated hospital course, ie, confounding by indication. The pneumonia severity score only measures severity at the time of hospital admission. An illness is dynamic, and serial measurements of severity of illness are necessary to understand the subsequent course of illness.
One of the most interesting findings in our study is that the risk factors for early and late mortality differed substantially. The type of antibiotic therapy affected only late mortality. Austrian and Gold, 28 in a large study of bacteremic pneumococcal pneumonia in the early 1960s, noted that treatment with penicillin had no effect on mortality for the first 4 days of the illness. Mortensen et al 29 carefully determined the causes of death of the 208 patients (9%) who died within 90 days of enrollment in their study of CAP. Fifty-three percent of the deaths were pneumonia related. Factors predictive of pneumoniarelated mortality included hypothermia, altered mental state, increased serum urea nitrogen levels, chronic liver disease, leukopenia, and hypoxemia. Factors predictive of pneumonia-unrelated mortality included dementia, immunosuppressive conditions, active cancer, systolic hypotension, male gender, and multilobar pulmonary infiltrates. Increased age and evidence of aspiration were predictive of both pneumonia-related and -unrelated mortality. In a study of 157 patients with severe ARDS (severe acute respiratory syndrome), 98% had lymphopenia (Ͻ 1 ϫ 10 9 /L). 28 Lymphopenia in severe acute respiratory syndrome patients peaked during week 2. We recorded only the lymphocyte count at the time of hospital admission. In our study, 67% of those who died within 5 days of hospital admission were lymphopenic at hospital admission vs 29% of the survivors. For those who died Ͼ 5 days after hospital admission, 53.4% were lymphopenic vs 43.8% for the survivors. Clearly, the role of the lymphocyte in pneumonia-related mortality requires further investigation. It should be noted that HIV status did not play a role in lymphopenia predicting mortality. Only 25 HIV-positive patients were in the study, and none died in hospital. Lymphopenia is also a marker for malnutrition. In one study, malnutrition was associated with higher mortality among men (but not women) with pneumonia. 31 Hyperkalemia was an independent predictor of early mortality in our study. In a study of 463 patients with CAP from Chile, 8% of whom died in hospital, hyperkalemia was one of 25 factors associated with mortality. 32 Since a number of our patients had acute renal failure, it is likely that this played a role in the hyperkalemia.
Our study has several strengths. It was prospective, and all patients with a diagnosis of CAP were enrolled. The limitations to our study include the fact that our case definition allowed nonradiologists to diagnose pneumonia on chest radiography. Approximately 25% of the patients had their chest radiographs read as "no pneumonia" by a radiologist. However interobserver and intraobserver variability in the interpretation of chest radiographs of patients with possible pneumonia by radiologists is well known. 33 Air bronchograms, atelectasis, and COPD are usually not recognized by nonradiologists. 33 Some patients with radiographs read by radiologists as no pneumonia will in fact have pneumonia. In a study 34 in which simultaneously obtained high-resolution CT (HRCT) scans of the chest and chest radiographs were compared in 47 patients presenting with presumed CAP, HRCT identified all 18 cases that were apparent on chest radiography and an additional 8 cases. Thus, 8 of the 26 of the pneumonias (31%) in this study were not identified by chest radiography. 33 In a somewhat similar study 35 performed on 54 hospitalized patients, additional information provided by HRCT resulted in a change in treatment plan in 39% of patients.
In conclusion, we have shown that the following factors are independently associated with mortality among patients with CAP requiring admission to hospital: pneumonia severity score, increasing age, functional status at time of hospital admission, and requirement for consultation with a respirologist or infectious diseases physician. Treatment with levofloxacin only was associated with a decreased risk of mortality. We have also shown that some of the factors associated with early mortality differ from those associated with late mortality.
